Various solar broadband models have been developed in the last half of the 20th century. The driving demand has been the estimation of available solar energy at different locations on earth for various applications. The motivation for such developments, though, has been the ample lack of solar radiation measurements at global scale. Therefore, the main goal of such codes is to generate artificial solar radiation series or calculate the availability of solar energy at a place.
Introduction
The demand of exact knowledge about the availability of solar energy at different locations on the earth's surface has been increasing recently because of its use as one of the most promising renewable energy sources. Solar data, on the other hand, are nowadays used in diverse disciplines, including climatology, micro-meteorology, biology, agriculture, glaciology, urban planning, architecture, mechanical and environmental engineering. The design of many solar conversion devices, such as thermal appliances, requires the knowledge of solar radiation availability on horizontal as well as sloped surfaces. Also, the estimation of solar radiation on inclined surfaces starts with the determination of the corresponding values on horizontal plane.
It is well known that the number of the existing solar radiation stations is not adequately large throughout the world, in order to provide the required data for mapping solar radiation at a global scale. On the other hand, long-term solar radiation measurements are needed by scientists and solar energy system designers for various applications, such that the development of Solar Radiation Atlases and the generation of Typical Meteorological Years (TMYs), which are nowadays considered important tasks. Nevertheless, because of the ample lack of such data worldwide, most of the above applications must primarily rely on simulation techniques. For instance, the US National Solar Radiation Data Base provides hourly radiation data and TMYs for 239 US sites, but 93% of these data come from appropriate modeling (Maxwell, 1998; Maxwell et al., 1991) .
In the context of the above, various solar radiation models (mostly broadband) have started being developed since the middle of the 20th century to calculate solar radiation components on horizontal surface, under clear sky conditions mostly. The performance of a number of broadband models tested against theoretical and measured data under clear sky conditions has been presented by Gueymard (1993a Gueymard ( , 2003 . The Atmospheric Research Team (ART) at the National Observatory of Athens (NOA) has developed the so-called Meteorological Radiation Model, or MRM in brevity Papanikolaou, 1989, 1990a; Kambezidis et al., 1997) . The initiative of this development was to derive solar radiation data for places where these are not available because of lack of such measurements. To do that, the MRM employed meteorological data only (viz. air temperature, relative humidity, barometric pressure and sunshine duration) that are available worldwide.
The MRM code passed through different phases of development since its first version. Its latest version is 5. The original form of MRM (MRM v1) worked efficiently under clear sky conditions, but it could not work under partly cloudy or overcast skies. MRM v2 introduced new analytical transmittance equations and, therefore, became more efficient than its predecessor. Nevertheless, this version still worked well under clear sky conditions only. These deficiencies were resolved via the development of MRM v3, derived by T. Muneer's research group at Napier University, Edinburgh (Muneer et al., 1996; Muneer, 1997; Muneer et al., 1997; Muneer et al., 1998) after successful co-operation between ART and his group. MRM v3 was included in the book edited by Muneer (1997) . Through the EC JOULE III project on Climatic Synthetic Time Series for the Mediterranean Belt (acronym: CliMed), a further development of the MRM was achieved, which is referred to as version four (MRM v4) , providing further improvement in relation with the partly cloudy and overcast skies. The algorithm of MRM v4 was used by Prof. Hassid, Technion University, Israel, to make simulations and comparison with Israeli solar radiation data (unpublished work). In using the code, he found some errors mainly in the calculation of the daily solar course in the sky; these errors were later incorporated in the algorithm. On the other hand, Gueymard (2003) , in an inter-comparison study employing various broadband models, used MRM v4 and found it not to be performing so well in relation to others. These tests forced ART to reconsider the source code of MRM. The effort resulted in discovering further errors in the transmittance and solar geometry functions; new transmittance and more effective solar geometry functions were, therefore, introduced from the international literature concluding to MRM v5. Also the recent solar constant of 1366.1 Wm −2 was incorporated in version 5.
It must be emphasized here that MRM is capable in performing calculations in various time steps, i.e. from one hour to one minute. This is dictated by the availability of the meteorological input data. The majority of them are provided on hourly basis. Nevertheless, there are stations rendering data as average values less than hourly, e.g. 5-min or 1-min values. On the other hand, the measured sunshine duration, another input parameter to MRM, is usually given as either a total daily or hourly value. In the last case, provided that the meteorological data are given as 1-min average values, the MRM can derive more precise calculations. MRM has successfully been used by the Chartered Institution of Building-Service Engineers (CIBSE) of UK under the Solar Data Task Group in 1994 (Muneer, 1997) . Apart from that specific task, MRM can be used in a variety of applications, among of which the most important nowadays are: 
Model description
MRM is a broadband algorithm for simulation and estimation of solar irradiance on horizontal surface, using widely available meteorological information, viz. values of air temperature, relative humidity, barometric pressure, and sunshine duration as input parameters. This Section provides a detailed description of the newly developed MRM, version 5, incorporating all recent knowledge on the subject. As mentioned in the Introduction, MRM is flexible in estimating hourly to even 1-min radiation values; this flexibility solely depends upon the time step of the input parameters. It is absolutely understandable that the choice of 1-min values for the input data (including sunshine duration n) into the code makes MRM more efficient, since solar radiation estimations are then given in high temporal resolution. The direct beam component of solar radiation (the radiation arriving directly from the sun) normal to a horizontal plane at the earth's surface, under clear sky and natural (without anthropogenic influence) atmosphere, is the extra-terrestrial radiation at the top of the atmosphere modified by the absorption and scattering from its various constituents. Thus, during cloudless periods, the direct beam radiation, I b , received on a horizontal surface can be expressed as:
where θ z is the solar zenith angle, I ex is the normal incidence extra-terrestrial solar radiation on the n i -th day of the year; the T terms are the broadband transmission functions for water vapor (T w ), Rayleigh scattering (T r ), uniformly mixed gases (CO 2 , CO, N 2 O, CH 4 and O 2 ) absorption (T mg ), ozone absorption (T o ), and aerosol total extinction (scattering and absorption) (T a ).
The general transmittance function, T i , for seven main atmospheric gases (H 2 O, O 3 , CO 2 , CO, N 2 O, CH 4 and O 2 ) can be expressed by the following equation (Psiloglou et al., 1994 (Psiloglou et al., , 1995a (Psiloglou et al., , 1996 (Psiloglou et al., , 2000 : where m is the optical air mass, and a, b, c, d are numerical coefficients that depend on the specific extinction process; the values of these coefficients are given in Table 1 . The optical air mass, m, at standard pressure conditions, is given by Kasten and Young (1989) :
This above formula is accurate for all m's up to θ z < 85 • with an error of less than 0.5%. The pressure-corrected air mass, m ′ , can then be estimated by the expression:
where P is the atmospheric pressure at the station's height, in hPa, and P o =1013.25 hPa the mean atmospheric pressure at sea level. The m has been used here only for ozone, water vapor and aerosols, whereas the m ′ is used for the Rayleigh scattering and mixed gases absorption. In Eq. (2), u i represents the "absorption amount in a vertical column" for each extinction process. This quantity is variable for water vapor and ozone, and represented by u w (in atm-cm) and u o (in atm-cm), respectively. The necessary u i values (in atm-cm) for the other atmospheric gases of Table 1 are: 1.60 for CH 4 , 0.075 for CO, 350.0 for CO 2 , 0.28 for N 2 O, and 2.095 ×10 5 for O 2 .
For the estimation of the water vapor total amount in a vertical column (the so-called precipitable water), the following expression (Leckner, 1978) is used:
where e m is the partial water vapor pressure, in hPa, given by:
where RH is the relative humidity at the station's height, in %, and e s is the saturation vapor pressure, in hPa, given by Gueymard (1993b) :
with T 1 =T /100, T being the air temperature at the station's height, in K.
The broadband transmittance function due to the total absorption by the uniformly mixed gases can then be calculated by:
where the transmittances T CO2 , T CO , T N2O , T CH4 and T O2 are given by Eq. (2) using the appropriate coefficients of Table 1 . The transmittance corresponding to the Rayleigh scattering is calculated from Psiloglou et al. (1995b) :
Very few locations in the world provide detailed aerosol data. In general, solar radiation modelers are forced to use or develop aerosol models specific for their own site of application. In the present study, the Mie scattering transmittance function proposed by Yang et al. (2001) has been incorporated in MRM v5:
where theÅngström's turbidity parameter, β, is in the range 0.05-0.4 for low-to-high aerosol loads. Some indicative values of β are given in Table 2 (Iqbal, 1983) . Another way of estimating β, when not available from measurements, is by using the Yang et al.'s (2001) expression, which relates β to the geographical latitude, φ, and the altitude of the station, H . This expression is:
where β ′ represents the annual mean value of turbidity and β the seasonal deviation from the average, i.e. low values in winter, high values in the summer. For Athens (φ=37.967
During the earth's movement around the sun, I ex varies by approximately ±3.5% of its value at the equinoxes. I ex may be expressed on the n i -th day of the year as (Spencer, 1971) :
where I o is the solar constant, equal to 1366.1 Wm −2 , and Ŵ (in rad) is the day angle, which is given by: where the day number of the year, n i , ranges from 1 (1 January) to 365 (31 December); February is always assumed to have 28 days. Figures 1-3 show the transmittances of water vapor, ozone and total aerosol extinction, respectively, as predicted by the new MRM v5 algorithm.
Diffuse radiation
Under clear sky conditions, the diffuse (indirect) sky radiation is assumed to be made up of a portion of singly scattered by the atmospheric constituents (molecules and aerosol particles) direct beam radiation, I ds , plus a multiple scattering component, I dm (Atwater and Brown, 1974; Psiloglou et al., 2000) :
The first part in the right hand side of Eq. (16), i.e. I ex T w T mg T o T aa , represents the amount of solar radiation left over after its absorption by the atmospheric constituents and aerosols, while the second part, i.e. 0.5(1−T as T r ), expresses the amount of solar radiation scattered forward (towards the surface of the earth) by air molecules and aerosol particles.
The aerosol transmittance function due to absorption only, T aa , is given by the expression (Bird and Hulstrom, 1980; :
and the aerosol transmittance due to scattering alone, T as , can be estimated from:
The diffuse component, which is due to a single reflection of I b and I ds from the earth's surface, followed by backscattering from the atmospheric constituents, I dm , is modeled as:
where α g is the surface albedo, usually taken to be equal to 0.2, and α s the albedo of the cloudless sky. The atmospheric albedo is defined as the ratio of the energy reflected back to space to the incident one. Under clear sky conditions, it can be approximated using the following form:
where α r represents the albedo due to the molecular (Rayleigh) scattering, commonly taken to be equal to 0.0685 after Lacis and Hansen (1974) . The second term, α a , is the atmospheric aerosol albedo due to the atmospheric aerosol scattering, and can be estimated from the following equation (Bird and Hulstrom, 1980; :
where T a,1.66 implies the value of the total aerosol transmittance, T a , calculated for m=1.66 (i.e. for θ z =53 • ). The diffuse radiation at ground level under clear sky conditions, I d , is then simply the sum of the I ds and I dm components, i.e.:
Total radiation
The total solar radiation, I t , received under clear sky conditions on horizontal plane at the surface of the earth is simply the sum of the horizontal components I b from Eq. (1), and I d from Eq. (22), i.e.:
Cloudy sky MRM sub-model
Clouds play an important role in modifying radiation as they significantly affect the reflectance, absorptance and transmittance of the incident radiation. However, the present understanding of their effect on solar radiation is at a good level, but its modeling in the various radiative models (broadband or spectral) is far from being efficient and lies on statistical techniques than physical processes (Kontratyev, 1969; Davies et al., 1975; Suckling and Hay, 1977; Barbaro et al., 1979; Munro, 1991; Gu et al., 2001; Badescu, 2002; Ehnberg and Bollen, 2005) . The direct beam radiation is attenuated by the presence of clouds by blocking its propagation through the atmosphere, as well as by the various atmospheric constituents, as already discussed above. The depletion of the direct beam component by clouds depends on their type, thickness, and number of layers. The diffuse component consists of several parts. The mechanism of scattering by air molecules and aerosols is the same with the one already described above. In addition, there is an interaction between the direct beam solar radiation and clouds, resulting in reflected diffuse radiation. Further, a portion of the direct beam and diffuse radiation components reaching the surface of the earth is reflected back to space; this part contributes to a multiply reflected irradiance. This latter radiation component depends strongly on the reflectance properties of the clouds system. When the sky is completely overcast, the diffuse component is considered almost isotropic. Theoretical determinations of the direct beam and diffuse irradiance components under cloudy sky conditions are quite difficult. Such tasks require detailed data on the type and optical properties of clouds, cloud coverage, thickness, position and number of layers. Such data are very rarely collected on a routine basis.
However, several methods have been developed to model solar radiation under cloudy skies. Depending on the type of input data used for each model, Davies et al. (1984) identified five model groups: (i) sunshine based models, (ii) cloud layer based models, (iii) total cloud based models, (iv) satellite data based models, and (v) Liu-Jordan (1960) type models; all these groups discriminate total radiation into direct beam and diffuse components.
In the last version of MRM, an algorithm for calculating the solar radiation components on cloudy days has been introduced. Given the absence of adequate information on cloudiness, solar radiation is simulated by MRM using the measured sunshine duration, n, which is widely measured and easily available to most users from existing national meteorological stations.
Direct beam radiation
The direct beam solar radiation under clear skies, I b , decreases in the presence of clouds by the factor T c , which depends on the characteristics of cloudiness (Barbaro et al., 1979) . Therefore, the direct beam solar radiation under cloudy skies, I cb , can be obtained by:
where T c is the cloud transmittance, and I b is calculated from Eq. (1). Generally, T c can be expressed as a function of the relative sunshine duration, n/N , which is the ratio of the daily measured sunshine duration, n, to its maximum (astronomical) value, N :
where k is an empirical coefficient for cloudiness with a usual value equal to unity. Such an approximation, as that in Eq. (24), is necessary because the information pertaining to cloudiness is unsatisfactory. Barbaro (1979) allows k=1, but Ideriah (1981) proposed a value of k=0.75 to provide better agreement between estimates and measurements. For the Athens data k was found to vary between 0.85 and 0.95 for the winter months, and be 1.0 for the summer period (Psiloglou et al., 2000) .
Diffuse radiation
The single scattered portion of the diffuse radiation in the presence of clouds, T cds , can be computed by Barbaro et al. (1979) :
where k * is an empirical transmission coefficient, whose value is a function of φ, and is obtained from Berland and Danilchenko (1961) . Values of k * are given in Table 3 for different latitudes. For the case of Athens (φ=37.967 • N), the value of k * =0.33 has been adopted (see Table 3 ). The ground reflected, atmospheric and cloud backscattered diffuse term, I cdm , is modeled identically as in clear sky conditions:
where α cs is the albedo of the cloudy sky. In order to estimate the atmospheric albedo of a cloudy sky, a corrective factor for multiple scattering between the clouds and the surface of the earth, α c , is introduced in Eq. (20). Thus the new formula is expressed as:
where the α's in the right hand side of Eq. (28) are defined for clear skies (see Eqs. 20, 21); α c is given by various analytical expressions (Atwater and Ball, 1978; Davies and McKay, 1982; Lyons and Edwards, 1982) , as a function of n. In MRM v5, the following expression has been adopted:
where ν is a parameter varying between 0.3 and 0.6. For Athens, the value of ν=0.4 was found to be more appropriate (Psiloglou et al., 2000) . Therefore, the diffuse radiation at ground level under cloudy skies, I cd , is the sum of the I cds and I cdm components, i.e.: (107 m a.m.s.l.) near the Athens city center. The Athens Metropolitan area is located in the central part of the Attica Peninsula in an oblong basin having a NE-SW direction; the basin has an area of 450 km 2 and is inhabited by 3.5 millions of people (census of 2001). To the east of the basin's axis, the city is less densely populated. To the west, the area is industrial and residential. The average annual sunshine duration is 2919 h.
The actinometers for measuring total and diffuse horizontal radiations at ASNOA are Eppley PSP pyranometers; the diffuse radiation is measured using an Eppley shadow band. Up to now no shadow ring corrections have been applied to the ASNOA diffuse measurements because of lack of simultaneous direct beam measurements. Very recently ASNOA put in operation an automatic sun tracker carrying four pyrheliometers for measuring the direct beam components in various optical bands as well the total one. After the collection of sufficient statistically sound solar data a comparison of the normal diffuse values with those accruing from the difference of total and direct beam components will be made. Then, the best suited of the several existing methodologies in the international literature for correcting diffuse data for the shadow band effect will be chosen.
To establish a valid set of measurements for the validation of the MRM code, the 1-min mean total and diffuse horizontal irradiance values were thoroughly tested for errors. A routine quality control procedure was applied; all erroneous data were excluded. The quality tests screened out all (i) diffuse horizontal values greater than 110% of the corresponding total horizontal ones; (ii) total horizontal values greater than 120% of the seasonally correct solar constant; (iii) diffuse horizontal values greater than 80% of the seasonally correct solar constant; (iv) total horizontal values equal to or less It must be noted here that during the eclipse phenomenon, from its start to its end, I ex was multiplied by the factor 1-EM, where EM stands for the eclipse magnitude, i.e. the fraction of the solar disk covered by the moon's shadow. This was done in order to simulate the phenomenon in the MRM algorithm.
As said before, 1-min values for the meteorological input data were chosen to be used in the MRM algorithm. This confined n to the same accuracy. Because of unavailability 
of such sunshine duration values at ASNOA, a method was developed to fill the gap. A polynomial function was fitted to the total solar radiation curve of 28 March, an almost perfect clear day. The same function was checked on previous clear days prior and close to 28 March to assure its shape as best fit to the measured values. This fit was used on 29 March after applying the factor 1-EM to simulate the eclipse event.
On both days, n was calculated as the ratio of the measured to the "fitted" radiation values using 1-min time steps. If the ratio was greater than one, n was then set equal to unity. In this way, the detailed fluctuations of the radiation components were reproduced correctly in a qualitative manner. To make sure that the method is right, the measured daily sunshine duration at ASNOA on both days was compared to the summation of all estimated 1-min sunshine duration values. The agreement was almost perfect.
The value of u o in the MRM code can either be calculated through the Van Heuklon (1979) methodology or be given in atm-cm from available satellite or ground based instruments. In the present study, the value of u o was obtained from a Brewer spectrophotometer operating in the center of Athens (Academy of Athens). No matter which of the above mentioned methodologies is used, the u o value is introduced in the MRM as an average daily value. These average daily values were 279.8 and 316.9 DU (1 atm-cm=1 DU×10 −3 ) for 28 and 29 March 2006, respectively.
According to NOA's records, similar weather conditions prevailed on both 28 and 29 March, namely unaltered wind speeds and directions. As no measurements of the Angström's turbidity parameter, β, were available, the 28 March 2006 (one day before the eclipse with almost clear sky) was selected for reference. By using Eq. (12) with H =107 m, the value of β ′ was found equal to 0.09. Some tests were, then, carried out by varying the value of β in the range 0.02-0.06, as proposed by Yang et al. (2001) . The best MRM results concerning both the total and diffuse components on the 28 March were found with the value of β=−0.04. Therefore, the value of β= 0.05 was found from Eq. (11) and was used for both the pre-eclipse and eclipse days.
The calculations of the solar position in the sky on both dates (prior and during the eclipse) were performed using the modified SUNAE algorithm (Walraven, 1978) , incorporating all corrections introduced by Wilkinson (1981) , Muir (1983) , Kambezidis and Papanikolaou (1990b) , and Kambezidis and Tsangrassoulis (1993) . Table 4 gives the 1-min values of EM during the eclipse day. The start of the eclipse is taken at 0 min (11:30 h LST) in the left column of the Table corresponding to the last minute before the beginning of the sun's disk blockage by the moon. The maximum of the eclipse was for Athens 84% at 12:48 h LST. The descending limb of the phenomenon lasted 77 min and the whole phenomenon 154 min, i.e. from 11:30 h LST to 14:04 h LST.
Statistical analysis
The Root Mean Square Error (RMSE) and the Mean Bias Error (MBE), both in Wm −2 and in % of the measured mean value, were used as indicators of the model's performance:
where I m and I c are the measured and model estimated values of the total or diffuse radiation (in Wm −2 ) and M=661 is the number of data points on each of the two dates. The values of these estimators, in Wm −2 , for the total and diffuse horizontal radiation components along with their mean daily measured values for both dates are given in Table 5 . The brackets in the RMSE and MBE columns indicate their values in %.
The comparison between the MRM modeled radiation components (total and diffuse) and the measured ones for the day before the eclipse is shown in Fig. 4a . A very good agreement is observed that is also obvious from the statistical estimators in Table 5 . For the clear part of the day on 28 March, it can be seen from Fig. 4a that MRM slightly overestimates the values of the total solar radiation during the early morning and late afternoon hours, but it slightly underestimates it during the central hours of the day. This discrepancy may be attributed to a local variation in the aerosol synthesis and concentration, factors that cannot be simulated properly in the MRM code with a single value of β the whole day. On the other hand, the diffuse radiation shows similar behavior during the clear part, but this is not the case in the second half of the day when cirrus clouds appeared over ASNOA. On 29 March (Fig. 4b) , MRM continuously underestimated the diffuse radiation. This can be attributed to the general observation that no radiation code up to now can simulate the effect of clouds on solar radiation in a precise manner. No matter what methodology is used, the extra diffuse radiation produced under cloudy skies is still unknown for the various types of clouds. The methodology detailed in Sect. 3.1 Fig. 5a . Relative frequency distribution (in %) of the differences between the measured and MRM estimated total and diffuse radiation components (in Wm −2 ) for Athens on 28 March 2006. for the derivation of the 1-min sunshine duration values managed, though, to describe the effect of clouds on solar radiation on the eclipse day in a very efficient and qualitative manner.
In order to have a better understanding of the performance of the MRM, the differences between the measured and estimated values for both the total and diffuse radiation components were calculated. Figure 5a and b show the relative frequency (in %) of the distribution of the above differences for both 28 and 29 March. It is interesting to observe the nearly equal distribution of the differences for the total component on both days around 0 Wm −2 . This occurs because the overestimations (negative differences) are almost equal in absolute terms to the underestimations (positive differences) of the MRM simulations. Indeed, the MBE statistical estimator was −1.67% on 29 March for the simulated total solar radiation in comparison with the respective +2.04% on the preceding clear day. To the contrary, the respective distribution of the diffuse component is rather skewed to the left (negative differences, MRM overestimation) on 28 March implying a slightly bad performance of the model in this case. The distribution of this component becomes broader in the case of the eclipse. Here, the MRM diffuse radiation is continuously underestimated. This is in agreement with the MBE values; on 28 March the MBE is very close to zero (−2.50%), while on the next day it becomes highly positive (+35.53%).
In conclusion, the RMSE and MBE statistics (Table 5 ) obtained very satisfactory values for the total horizontal irradiance on both days. There must be emphasized again that the 28 March was an almost cloudless day, while some cloudiness was developed over Athens on the eclipse day, 29 March, after the start of the phenomenon. This is the reason for increased values in both statistical estimators in the diffuse radiation component, as already stated above. Such a harsh test (eclipse with cloudy sky) for a broadband radiation model constitutes an ultimate validation of its performance. Therefore, an excellent efficiency of MRM v5 has been affirmed by the close agreement of the modeled and measured radiation components under "adverse" conditions.
To further show the capabilities of the MRM, Figure 6a and b are drawn. Figure 6a refers to the one-to-one comparison between the estimated and measured total horizontal irradiances on 28 March and Fig. 6b to the following day. It is easily seen that in both cases the data points are along the y=x line with minimum dispersion around it. The coeffi- cient of determination (R 2 ) for the linear best fit curve to the data points as well as their number (M) are also included in both diagrams. The slope of the linear best fit curves is the same (about 0.93) as well as the coefficient of determination (about 0.99) in both cases. This is an encouraging feature that MRM can work equally well under any circumstances.
Conclusions
This study dealt with the validation of the Meteorological Radiation Model (MRM) developed by the Atmospheric Research Team of the National Observatory of Athens. Though the model, in its previous versions, has been checked in the past against measurements, this was the first time that the performance of the latest version 5 of the MRM algorithm was tested. To do this, a difficult case, such as the solar eclipse of 29 March 2006 over Athens with partly cloudy sky, was chosen. In running MRM the attention was paid on total radiation, as this is the component with the main interest in solar energy applications.
The test proved that the MRM v5 is an efficient broadband code capable of simulating solar irradiance at a location not only under clear sky conditions, but also with cloudy weather. Moreover, the mixture of such sky conditions with an eclipse event is done for the first time in the international literature as far as a solar broadband model is concerned. Although the results have a scientific and not practical value, they showed that MRM simulated the solar radiation level changes very well during the solar eclipse day of 29 March 2006 over Athens. Indeed, the RMSE and MBE statistical estimators were found to be 7.64% and −1.67% on 29 March for the simulated total solar radiation in comparison with the respective 5.30% and +2.04% for the previous clear day.
The efficiency of the MRM makes the model capable of handling other simulation situations as easily as in the case of a solar eclipse with even better results. Therefore, MRM can be used in a variety of applications, among which there can be atmospheric physics, photovoltaic studies, filling gaps of missing data from a solar radiation time series, solar thermal projects, agricultural studies, architectural designs. MRM can also be used in the derivation of a Solar Radiation (or Energy) Atlas over a region with as much accuracy as possible. This latter applicability makes MRM a precious tool in the energy sector.
